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Objectives. +e objectives of the current study were to prospectively investigate the predictive value of the vitality scale of the Short
Form Health Survey for changes in body mass index and development of obesity.Methods. +e study population comprised 2864
(81.5%) men and 648 (18.5%) women from the Metropolit Project and the Danish Longitudinal Study on Work, Unemployment
and Health, who participated in a follow-up examination in 2009–2011 corresponding to a follow-up period of 3–7 years.
Associations of vitality with body mass index and obesity were investigated separately for men and women in linear and logistic
regression models adjusting for age, baseline body mass index, education, physical activity, smoking, and obesity-related diseases.
Results. Vitality was signiﬁcantly associated with change in body mass index among men (p< 0.001) and women (p< 0.05)
gaining weight after adjusting for age, baseline body mass index, education, physical activity, smoking, and obesity-related
diseases. No signiﬁcant associations of vitality with BMI change were observed among individuals maintaining or losing weight
during the follow-up period. Furthermore, vitality signiﬁcantly predicted development of obesity among women. Conclusion. +e
study indicates that vitality is of predictive value for increases in BMI over time among individuals gaining weight andmay further
predict the development of obesity among women. +is identiﬁcation of poor vitality as a potential risk indicator for weight gain
and development of obesity may be beneﬁcial in clinical practice.
1. Introduction
Obesity, deﬁned as a body mass index (BMI) ≥30 kg/m2, is
a major public health problem [1] and is associated with
various medical comorbidities such as type 2 diabetes,
cardiovascular disease, and stroke [2]. In addition to the
medical comorbidities, a growing body of research has
investigated the psychological and social correlates of
obesity. Especially, health-related quality of life (HRQOL)
has received attention [3–5]. HRQOL has been deﬁned as
a multidimensional construct comprising physical, emo-
tional, and social well-being, which reﬂects an individual’s
subjective evaluation and reaction to health or illness [4].
+e Short Form Health Survey (SF-36) [6] is a widely used
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generic measure of HRQOL comprising eight subscales that
can be divided into a physical and a mental HRQOL
component. By applying generic measures of HRQOL such
as the SF-36 [6], cross-sectional studies have shown that
HRQOL varies with BMI [7, 8]. Most consistently, in-
dividuals with obesity seem to have lower HRQOL [9, 10].
Furthermore, cohort studies have shown decreases in
HRQOL over time in overweight individuals and in in-
dividuals with obesity with the largest reductions observed
in the physical domains of HRQOL [11, 12]. Finally, weight
loss has been associated with increases in several HRQOL
domains especially vitality, general health perception, and
physical role functioning [13, 14].
However, BMI and obesity may not merely predict
decreases in HRQOL but may also be a consequence of
HRQOL. +us, HRQOL may be a predictor of BMI and
obesity, but until now, only one study has investigated
whether HRQOL predicts weight changes over time. +is
study [11] indicated a bidirectional relationship between
HRQOL and obesity. Interestingly, individuals in the lowest
tertile of the HRQOL domains related to the mental com-
ponent gained signiﬁcantly more weight over the ﬁve-year
follow-up period than individuals in the highest tertile. +at
is, where previous research has emphasized the impact of
obesity on the physical aspects of HRQOL [10, 12], this study
suggested that mental aspects of HRQOL is of importance
for weight changes over time.
+e SF-36 vitality scale is a subscale included in the
mental component of the SF-36 and assesses diﬀerent as-
pects of fatigue. +is scale has been suggested as the best of
the eight SF-36 subscales at discriminating between levels of
health [6, 15], and it has previously been associated with
several medical conditions, including cardiovascular disease
andmortality risk [15, 16], suggesting that somatic aspects of
health is also captured by the SF-36 vitality scale.
As knowledge about the possible eﬀects of HRQOL on
weight status is extremely scarce, the aim of the current
study was to investigate the predictive value of the SF-36
vitality scale for both changes in BMI and development of
obesity.We set out to examine this question in a longitudinal
study design using two large Danish cohorts that were ex-
amined in 2004 and 2006, respectively, and included a fol-
low-up study of these cohorts 3 to 7 years later. As
sociodemographic factors, lifestyle, and health factors
consistently have been associated with both HRQOL [17, 18]
and weight status [19, 20], the eﬀects of such factors on the
associations between SF-36 vitality and BMI and obesity will
be included in the analyses of this relation.
2. Methods
2.1. Study Cohorts and Baseline Data
2.1.1. 3e Metropolit 1953 Danish Male Birth Cohort (MP).
+e Metropolit 1953 Danish Male Birth Cohort [21] com-
prises 11532 men born in 1953 in the metropolitan area of
Copenhagen who were alive and living in Denmark in 1968.
In 2004, a questionnaire was sent to all members of the
cohort who had a postal address in Denmark, assessing
diﬀerent aspects of health, social position, and health be-
havior. A total of 6292 men aged 51 years completed the
questionnaire which included the SF-36 vitality scale and
information on self-reported height and weight.
2.1.2. 3e Danish Longitudinal Study on Work, Un-
employment and Health (DALWUH). +e Danish Longi-
tudinal Study on Work, Unemployment and Health
(DALWUH) [22] is a random sample of 10% of the Danish
population born in 1949 and 1959. Questionnaire data
concerning health, social relations, psychosocial factors, and
work environment were collected in 2000 and again in 2006.
A total of 6151 men and women aged 47 and 57 years
participated in the 2006 follow-up, which included the SF-36
vitality scale and information on self-reported height and
weight.
2.1.3. 3e Copenhagen Aging and Midlife Biobank (CAMB).
In 2009–2011, members from the MP and the DALWUH
were invited to participate in the Copenhagen Aging and
Midlife Biobank (CAMB) [23]. Participants in the CAMB
completed a questionnaire assessing health, lifestyle be-
haviors, social position, and social relations. In addition,
they participated in a clinical examination including an
assessment of BMI and a blood draw. Written consent was
obtained from all participants prior to examination. Com-
plete information on the SF-36 vitality scale at baseline and
BMI at baseline and follow-up were available for 2378 men
from the MP and 1142 men and women from the DAL-
WUH. To avoid outliers with regard to BMI, eight men were
eliminated from the analyses due to an extreme BMI change
from baseline to the CAMB examination. +us, the ﬁnal
study sample for the current study comprised 3512 partic-
ipants with a mean age of 51.6 years (SD: 3.0 years)
(Figure 1).
+e study protocols of the described studies were ap-
proved by local institutional review committees prior to
study initiation of the studies.
3. Measures/Variables
3.1. Outcomes
3.1.1. Body Mass Index and Obesity. BMI was calculated as
weight (kg)/height (m)2. At follow-up, height and weight
were measured at a clinical examination [23], while BMI at
baseline was based on self-reported height and weight. BMI
change was estimated as “follow-up BMI−baseline BMI” and
used as a continuous outcome variable in linear regression
analyses.
Obesity was constructed as a binary variable deﬁning
participants with a BMI ≥30 kg/m2 as having obesity and
participants with a BMI <30 kg/m2 as not having obesity.
3.2. Predictor
3.2.1. SF-36 Vitality. Vitality was assessed using the vitality
scale of the Short Form Health Survey (SF-36) [6], which
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consists of four items evaluating the vitality domain of
HRQOL by questions on tiredness and energy level. For
instance, one question was “Howmuch time during the past 4
weeks did you feel full of pep?” Answers ranged from 1 (“All
of the time”) to 6 (“None of the time”). Raw scores from the
SF-36 vitality scale were transformed to scores ranging from
0 to 100 with 100 indicating the highest level of vitality.
Based on the tertiles of the SF-36 vitality scale scores,
a categorical variable with three categories corresponding to
high, medium, and low vitality was constructed and used in
the main analyses.
3.3. Covariates. Variables that have previously been shown
to aﬀect both HRQOL and weight status were considered as
covariates.
3.3.1. Educational Level. Educational level provides in-
formation about the length and the level of the participants’
vocational training at baseline assessed on six categories
ranging from 1 (“No vocational training”) to 6 (“Higher level
education >4 years”). Based on this information, three
categories were derived corresponding to low, medium, and
high level of education.
3.3.2. Leisure Time Physical Activity. “Leisure time physical
activity” was self-reported at baseline. Participants in theMP
were asked which of the following four statements best
described their general level of leisure time physical activity:
hard exercise at elite level several times a week; exercise or
heavy domestic work at least 4 hours a week; easy physical
activity such as walking and cycling at least 4 hours a week;
or sedentary activity such as reading and television watching.
Participants in the DALWUH were asked to report the
average number of hours per week they were physically
active. Answers ranged from 1 (“0 hours”) to 6 (“>7 hours”).
Information about physical activity level in the two cohorts
was combined in a categorical variable. Based on the
distribution of answers on the cohort-speciﬁc physical ac-
tivity items, three categories were constructed corre-
sponding to low, medium, and high physical activity level.
3.3.3. Smoking. A question about current smoking status
was administered to participants in the two cohorts. All
participants were asked whether they were currently
smoking on a daily basis; currently smoking but not on
a daily basis; had stopped smoking; or never had smoked.
Based on this information, a binary variable was constructed
with participants who reported that they were currently
smoking either daily or regularly categorized as “smokers”
and participants who reported to have stopped smoking or
never had smoked categorized as “nonsmokers.”
3.3.4. Obesity-Related Disorders. +e Danish National Pa-
tient Registry was used to identify participants who had
received one or more of the following obesity-related di-
agnoses prior to the baseline assessments in 2004 (the MP)
and 2006 (the DALWUH): type 2 diabetes mellitus (ICD-8
code: 250; ICD-10 code: E11), essential hypertension (ICD-8
codes: 400, 401; ICD-10 code: I10), ischemic heart disease
(ICD-8 codes: 410–413; ICD-10 codes: I20, I21, I24, I25), or
other hypothyroidism (ICD-8 code: 242; ICD-10 code: E03).
+ese conditions were selected as they are frequent among
elderly persons and have been included in prior studies of
HRQOL and BMI [11]. Four variables corresponding to the
four conditions were constructed and scored such that
0 reﬂected “no diagnosis” and 1 reﬂected “diagnosis.”
3.3.5. Statistical Analysis. Descriptive statistics were used to
analyze participant characteristics. Diﬀerences between the
two cohorts and between men and women were examined
using chi-square tests or independent t-tests depending on
the nature of the dependent variable. Also, to analyze the
distribution of BMI change in relation to the three SF-36
vitality categories, the tertiles of BMI change were calculated
and used as a categorical variable in chi-square tests.
Preliminary analyses showed sex diﬀerences in several
key variables including BMI and SF-36 vitality, and a sig-
niﬁcant interaction of sex and SF-36 vitality on the risk of
developing obesity was observed (p � 0.049). In line with
previous studies, the main analyses were therefore stratiﬁed
by sex. Also, cohort diﬀerences were found on all charac-
teristics. Accordingly, cohort status was adjusted for in all
the conducted analyses.
Changes in BMI from baseline to follow-up assessment
were analyzed in four models: Model 1 adjusted for cohort,
age, and baseline BMI; Model 2 adjusted for cohort, age,
baseline BMI, and level of education; Model 3 adjusted for
cohort, age, baseline BMI, smoking, and level of physical
activity; Model 4 adjusted for cohort, age, baseline BMI, and
obesity-related diseases including type 2 diabetes, hyper-
tension, ischemic heart disease, and other hypothyroidism.
Analyses of BMI were conducted using linear regression
analyses and are shown for three diﬀerent populations. First,
associations of SF-36 vitality with BMI change were
The MP (n=2378)
Collected in 2004: SF-36 vitality;
self-reported BMI; education;
physical activity; register-based
obesity-related diseases
The DALWUH (n=1142)
Collected in 2006: SF-36 vitality;
self-reported BMI; education;
physical activity; register-based
obesity-related diseases
The CAMB study (n=3512)
Collected in 2009–2011:
measured BMI; obesity status
Figure 1: Baseline cohorts and follow-up sample. MP, Metropolit
cohort; DALWUH, the Danish Longitudinal Study on Work,
Unemployment and Health; CAMB, Copenhagen Aging and
Midlife Biobank.
Journal of Obesity 3
investigated in the full sample. Secondly, as previous re-
search has suggested that prospective associations of BMI
and HRQOL diﬀer between individuals gaining and losing
weight [11], the associations were investigated separately for
participants gaining weight and participants either main-
taining or losing weight over the follow-up period.
+e risk of becoming obese was analyzed in four models
with the same covariates as described above. Participants
with BMI ≥30 kg/m2 at baseline were excluded from these
analyses, and logistic regression was applied to investigate
associations of SF-36 vitality with obesity as outcome. Be-
cause preliminary analyses showed that no women in the
high SF-36 vitality category were obese at follow-up, a binary
SF-36 vitality variable was used in all analyses of obesity with
the high and the medium categories merged.
4. Results
Table 1 presents participant characteristics including sex,
age, BMI, obesity status, follow-up BMI, obesity status at
follow-up, level of education, level of physical activity,
smoking, prevalence of obesity-related diseases, and the
distribution of the SF-36 vitality categories separately for the
two baseline cohorts. By design, the two cohorts included in
the study diﬀer on sex as the MP consists of men only, while
the DALWUH includes both men and women. +e total
sample of the present study, therefore, consists of 2864
(81.5%) men and 648 (18.5%) women with a mean age of 52
years. +e mean baseline BMI was 26.0 kg/m2 and
24.6 kg/m2 for men and women, respectively, and 326
(11.4%) men and 62 (9.6%) women were categorized as
obese at baseline. Of the total 3512 participants in the current
study, almost 40% reported to have high educational level
and 30% reported a high physical activity level. However,
only 19.4% of the participants were categorized as high on
SF-36 vitality and 37.5% fell in the low SF-36 vitality
category.
+e tertiles of BMI change and the chi-square tests of SF-
36 vitality with the tertiles of BMI change are shown for men
and women in Table 2. Among both men and women, those
scoring high on SF-36 vitality were most likely to have
a small weight gain corresponding to the second tertile of
BMI change. However, these associations were only sig-
niﬁcant among women (p � 0.002).
Associations of SF-36 vitality with BMI are shown in
Table 3 for the full sample and for the weight gain group and
the weight loss group, respectively. For the full sample, SF-36
vitality was signiﬁcantly associated with BMI change among
men independently of cohort, age, baseline BMI, level of
education, and obesity-related diseases. A trend was ob-
served when adjusting for level of physical activity and
smoking in addition to cohort, age, and baseline BMI. Men
scoring low on SF-36 vitality had a 0.05–0.07 (p< 0.05)
standard deviation larger BMI increase than high-scoring
men depending on the investigated model. SF-36 vitality did
not predict BMI change in any of the investigated models
among women.
Of the total sample, 2377 participants gained weight over
the follow-up period while 1135 maintained or lost weight
with a mean BMI increase of 1.4 (SD: 1.3) and a mean BMI
decrease of 1.1 (SD: 1.1) in the two groups, respectively. In
the weight gain group, signiﬁcant associations of SF-36 vi-
tality were found for bothmen and women. Amongmen, the
low SF-36 vitality group had a signiﬁcantly higher BMI
increase over the follow-up period compared with the high
SF-36 vitality group (p< 0.001 in all models). BMI increases
were 0.09–0.13 standard deviations larger among men with
low baseline SF-36 vitality compared with men in the high
vitality category. Men in the medium SF-36 vitality category
did not diﬀer signiﬁcantly from their high-scoring coun-
terparts with regards to BMI changes from baseline to
follow-up. Among women, SF-36 vitality also predicted BMI
Table 1: Characteristics of participants in the Metropolit 1953
Danish Male Birth Cohort, the Danish Longitudinal Study on
Work, Unemployment and Health, and the total study sample.
MP DALWUH p value1
N 2371 1141 —
Sex (%) 0.000(by design)
Men 100.0 42.7
Women 0 57.3
Age, M (SD) 51.0 (0.2) 52.8 (5.0) 0.000(by design)
Level of education (%) 0.070
High 39.4 41.0
Medium 47.3 48.5
Low 13.3 10.5
BMI at baseline, M (SD) 25.9 (3.8) 25.4 (4.2) 0.000
Obesity baseline (%) 0.304
Yes 10.7 11.8
No 89.3 88.2
BMI at follow-up, M (SD) 26.3 (3.8) 25.9 (4.4) 0.000
Obesity follow-up (%) 0.166
Yes 15.8 14.0
No 85.2 86.0
Physical activity (%) 0.000
High 27.3 34.6
Medium 58.5 56.5
Low 14.2 8.9
Smoking (%) 0.000
Yes 34.0 25.0
No 66.0 75.0
Obesity-related diseases (%)
Type 2 diabetes 1.6 2.1 0.039
Hypertension 3.5 3.7 0.100
Ischemic heart disease 3.9 3.2 0.829
Hypothyroidism 0.2 0.7 0.002
SF-36 vitality, M (SD) 68.0 (18.9) 62.0 (19.7) 0.000
SF-36 vitality (%) 0.000
High 21.8 14.5
Medium 45.2 38.4
Low 32.0 47.1
1p value of the chi-square test or independent t-test of diﬀerences between
the means—categorical and continuous outcomes, respectively. SD,
standard deviation; M, mean; MP, the Metropolit 1953 Danish Male Birth
Cohort; DALWUH, the Danish Longitudinal Study on Work, Un-
employment and Health.
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increases in all models. However, women in the medium and
low SF-36 vitality category did not diﬀer signiﬁcantly from
the high-scoring women possibly reﬂecting the relatively
small number of women in the current study.
In the weight maintenance/weight loss group, SF-36 vi-
tality at baseline was not associated with BMI change among
men or women in any of the investigated models.
Table 4 presents associations of baseline SF-36 vitality
with obesity status at follow-up in men and women. SF-36
vitality did not predict obesity at follow-up among men. In
contrast, among women, SF-36 vitality predicted obesity at
follow-up in all the investigated models with women in the
low SF-36 vitality category having 6.3 (p � 0.006) times
higher odds of becoming obese at follow-up than women in
the high SF-36 vitality group. Furthermore, this association
remained signiﬁcant when adjusting for level of education,
level of physical activity, smoking, and obesity-related dis-
eases in addition to cohort, age, and baseline BMI (odds
ratios ranging from 5.8–7.1;p< 0.05).+e previously described
signiﬁcant interaction of sex and SF-36 vitality on the risk of
becoming obese (p � 0.049) indicates that the diﬀerent results
for men and women were statistically signiﬁcant.
5. Discussion
To our knowledge, this is one of the ﬁrst studies to investigate
the eﬀect of SF-36 vitality on BMI changes and the develop-
ment of obesity. Results indicated that SF-36 vitality was of
predictive value for changes in BMI among men and women
gaining weight over the ﬁve-year follow-up period with larger
increases in BMI observed in individuals with low SF-36 vitality
at baseline compared with individuals reporting high baseline
SF-36 vitality. In contrast, SF-36 vitality was not related to
changes in BMI among men and women losing weight.
Furthermore, SF-36 vitality was signiﬁcantly associated with
development of obesity among women.
Table 2: Tertiles of change in BMI for men and women by SF-36 vitality category. p values for chi-square tests are presented.
Change in BMI (tertiles)
Men
SF-36 vitality −9.4–0 BMI units 0.1–1.1 BMI units 1.2–11.0 BMI units
High (%) 35 35 30
Medium (%) 34 35 31
Low (%) 33 32 35
p value1 0.126
Women
SF-36 vitality −13.7–0.3 BMI units 0.4–1.1 BMI units 1.2–8.5 BMI units
High (%) 26 43 31
Medium (%) 42 32 26
Low (%) 37 26 37
p value1 0.002
1p value for the chi-square test of association between SF-36 category and the tertiles of change in BMI.
Table 3: Linear regression (standardized beta) of SF-36 vitality on BMI change among men and women. Full sample and separate for men
and women gaining and maintaining/losing weight.
Model 1a Model 2b Model 3c Model 4d Model 1a Model 2b Model 3c Model 4d
β p1 β p1 β p1 β p1 β p1 β p1 β p1 β p1
Full sample Men (N � 2864) Women (N � 648)
SF-36 vitality 0.011 0.036 0.062 0.022 0.159 0.182 0.241 0.112
High — — — — — — — —
Medium 0.02 0.02 0.01 0.02 −0.08 −0.08 −0.07 −0.08
Low 0.07∗ 0.06∗ 0.05∗ 0.06∗ 0.01 0.0 0.01 0.02
Weight gain Men (N � 1920) Women (N � 457)
SF-36 vitality <0.001 <0.001 0.001 <0.001 <0.001 0.001 0.002 <0.001
High — — — — — — — —
Medium 0.03 0.02 0.02 0.03 −0.02 −0.03 −0.04 −0.03
Low 0.13∗∗ 0.12∗∗ 0.09∗ 0.13∗∗ 0.12 0.11 0.11 0.13
Weight loss Men (N � 944) Women (N � 191)
SF-36 vitality 0.139 0.143 0.294 0.114 0.523 0.613 0.661 0.523
High — — — — — — — —
Medium −0.03 −0.03 −0.03 −0.03 0.00 0.00 0.03 0.03
Low −0.08 −0.07 −0.06 −0.08 −0.03 −0.01 0.01 0.00
aAdjusted for cohort, age, and baseline BMI. bAdjusted for cohort, age, baseline BMI, and education. cAdjusted for cohort, age, baseline BMI, physical activity,
and smoking. dAdjusted for cohort, age, baseline BMI, and obesity-related diseases. 1p value of the F-test. ∗Signiﬁcantly diﬀerent from reference value at
p< 0.05. ∗∗Signiﬁcantly diﬀerent from reference value at p< 0.001.
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+e average BMI change of men and women in the
current study was modest (0.62 (SD: 1.7) BMI units for men
and 0.64 (SD:1.8) for women).+e results in Table 2 revealed
that most women in the high SF-36 vitality group fell in the
second tertile corresponding to a minor BMI increase of
0.4–1.1 BMI units. +is is in line with previous research
showing that people in developed countries typically gain
weight until they are about 60 years old [24]. Furthermore,
there is consistent evidence that excess weight does not
constitute the same health risk among middle-aged and
elderly individuals as it does among younger individuals, but
may in fact be protective of age-related health problems [25].
+us, studies emphasize a distinction between smaller
weight gains that may be expected in certain age groups and
greater weight gains, which may reﬂect underlying patho-
logical causes, resulting in obesity.
5.1. Associations of SF-36 Vitality with BMI Change and
Obesity. +ere is convincing evidence that HRQOL varies
with BMI, and further that HRQOL is substantially reduced
among obese individuals [10, 26]. However, while longi-
tudinal studies have recognized the predictive value of BMI
and obesity on HRQOL, research that prospectively has
investigated the reverse association, the inﬂuence of HRQOL
on BMI and/or obesity, is extremely scarce. In the current
study, we found that SF-36 vitality is not merely a conse-
quence of weight gain or obesity but may also be regarded as
a predictor of weight status over time. Interestingly, SF-36
vitality was only of predictive value for BMI changes among
individuals with increasing BMI during the follow-up pe-
riod. +ese results are in line with the only previous study
prospectively investigating the eﬀect of HRQOL on obesity
[11]. In their study, Cameron et al. [11] followed 5985
Australian men and women with a mean age of 51.3 years
over a ﬁve-year follow-up period and found that the mental
components of HRQOL including the SF-36 vitality scale
predicted weight gain over the follow-up period. More
speciﬁcally, individuals in the lowest baseline SF-36 vitality
tertile gained more BMI units than individuals in the me-
dium and high SF-36 vitality tertiles though the exact es-
timates were not reported. However, ﬁndings from both the
current study and the Cameron et al. [11] study indicate that
there is no clear dose-dependent relationship between SF-36
vitality and increases in BMI as only individuals with the
lowest baseline vitality had signiﬁcantly greater increases in
BMI.
5.2. PossibleUnderlyingMechanisms. +e SF-36 vitality scale
is included in the mental component of the SF-36. However,
studies have consistently reported moderate to strong cor-
relations between the physical and mental components of
HRQOL [27, 28], emphasizing the complex relation between
physical and mental factors in HRQOL. Previous research
has suggested that weight gain and obesity mainly are
predictors of the physical components of HRQOL [12].
However, in line with the Cameron et al. [11] study who
emphasized the eﬀect of the mental component on weight
gain, the current ﬁndings suggested that SF-36 vitality is of
importance for increases in BMI and development of obe-
sity. +us, results of the current study further add to the
evidence that diﬀerent components of HRQOL are relevant
for associations of HRQOL and weight status depending on
the direction of this relation.
Several plausible mechanismsmay link SF-36 vitality and
weight gain. Reduced vitality may lead to increases in BMI
through a lack of motivation, energy, and/or capacity to
engage in physical activity. In fact, previous research has
suggested that individuals with poor SF-36 vitality report
signiﬁcantly more sedentary activity compared with in-
dividuals with high SF-36 vitality [29]. However, in the
current study, adjusting for level of physical activity did not
inﬂuence the association between SF-36 vitality and changes
in BMI or obesity substantially. +us, our results are not
supportive of this hypothesis. Furthermore, the correlation
between SF-36 vitality at baseline and level of physical ac-
tivity at follow-up was weak (r� 0.16), indicating that level of
physical activity from baseline to follow-up does not in-
ﬂuence the reported associations between SF-36 vitality and
weight gain.
Possible biological explanations for the observed asso-
ciations between SF-36 vitality and BMI change and de-
velopment of obesity were not investigated in the present
study. For instance, reduced SF-36 vitality may contribute to
weight gain and obesity through stress-related systems in-
cluding the hypothalamic-pituitary-adrenal axis [30]. Such
biological pathways have been suggested to contribute to the
relation between depression and increased BMI and obesity
[31, 32], and it is possible that similar mechanisms are re-
sponsible for the associations between mental components
of HRQOL and obesity found in prior research [11] and
more speciﬁcally, between SF-36 vitality and weight status
observed in the current study. Future studies examining the
relation between HRQOL and weight status should include
potential underlying biological mechanisms.
Lastly, psychological pathways related to eating behavior
and body dissatisfaction may underlie associations of SF-36
vitality and obesity. Interestingly, in the current study, low
SF-36 vitality predicted development of obesity among
women in all the tested models with ORs ranging from 5.8 to
7.1 (p< 0.05) while this association was not signiﬁcant
among men. +us, results of the current study indicate that
sex diﬀerences may exist in the relation between SF-36 vi-
tality and obesity. Research has consistently linked emo-
tionally induced eating [33, 34] and body dissatisfaction with
obesity [35] especially among women. +us, the observed
sex diﬀerences in the relation between SF-36 vitality and
obesity may indicate that psychological mechanisms play
a greater role in the development of obesity among women
than among men. We did not observe substantial sex dif-
ferences in the relation between SF-36 and BMI change, and
it may be hypothesized that psychological mechanisms
constitute a more important factor for the development of
obesity than for variations within the nonobese BMI range.
5.3. Strengths and Limitations. +is study has several
strengths including a prospective study design, a large
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community-based sample, objectively measured weight and
height at follow-up, detailed information about socio-
demographic factors and physical activity, and register-
based information about obesity-related medical diseases.
Yet, some limitations should be mentioned.
+e average BMI increase among weight gainers was 1.5
BMI points (SD: 1.3) for men and 1.4 (SD: 1.2) for women
during the follow-up period, which must be considered
moderate changes. However, the follow-up period of the
current study was 3–7 years, and it may be that BMI changes
become clinically relevant when they are considered over the
years of a lifetime.
Also, baseline BMI was based on self-reported height and
weight, while BMI at follow-up was physically measured at
an examination. Considering the consistently found ten-
dency to underreport weight [36], BMI changes in the
current study may have been overestimated. However, the
mean measured and self-reported BMI at follow-up did not
diﬀer (26.33 kg/m2 versus 26.33 kg/m2), indicating that
participants in the current study are not prone to un-
derreport their weight.
+e availability of extensive data from two large com-
munity cohorts is an advantage of the current study.
However, by design, there is very little age variation within
the cohorts. Age has previously been found to be one of the
most consistent predictors of overweight and obesity with
middle-aged and older individuals at higher risk of being
obese than their younger counterparts [37, 38]. Members of
the included cohorts were all either 47, 51, or 57 years of age
at baseline, and thus results of the present study are only
relevant for middle-aged individuals. Furthermore, cultural
diﬀerences may aﬀect public and individual perspectives on
obesity [39], and it is therefore uncertain whether the
current results can be generalized beyond the Danish
population. Furthermore, the CAMB had a relatively modest
response rate of 30%, which should be considered when
interpreting the results. For instance, it is likely that par-
ticipants and nonparticipants in the CAMB study diﬀer on
individual characteristics such as level of education and
general health [23] with only the more resourceful in-
dividuals participating in the follow-up study. +at is, the
eﬀect of SF-36 vitality on weight status may possibly have
been underestimated in the current study.
Lastly, as discussed earlier, we did not investigate the
eﬀect of biological mechanisms on the SF-36 vitality-BMI
change/obesity relation. Likewise, the current study focused
on the vitality scale, which is encompassed in the mental
component of the SF-36. However, it would have been
interesting to also examine the predictive value of other SF-
36 scales, especially to include subscales from the physical
SF-36 component. Unfortunately, this information was not
available in the current study.
6. Conclusion
+e study ﬁndings indicate that the SF-36 vitality scale is of
predictive value for increases in BMI over time among in-
dividuals gaining weight, but not among individuals
maintaining or losing weight. Furthermore, SF-36 vitality
seems to be of importance for the development of obesity
among women.+us, it seems that some sex diﬀerences exist
in the relation between SF-36 vitality and obesity possibly
related to previously reported sex diﬀerences in the psy-
chological correlates of obesity. It is plausible that diﬀerent
mechanisms underlie variations within the nonobese BMI
range and variations in obesity emphasizing the importance
of distinguishing between smaller weight changes and larger
increases leading to obesity. Nevertheless, the identiﬁcation
of poor SF-36 vitality as a potential risk indicator for weight
gain and development of obesity may be beneﬁcial in clinical
practice.
Conflicts of Interest
+e authors declare that there are no conﬂicts of interest
regarding the publication of this article.
Acknowledgments
+e authors thank IMK Almene Fond who funded the
current study through a grant to Trine Flensborg-Madsen.
+ey acknowledge the crucial role of the initiators and
steering committees of the Metropolit Cohort and the
Danish Longitudinal Study on Work Unemployment and
Health, and they thank for their permission to conduct this
study. Furthermore, the authors thank Kirsten Avlund, Helle
Bruunsgaard, Nils- Erik Fiehn, A˚se Marie Hansen, Poul
Holm-Pedersen, Rikke Lund, Erik Lykke Mortensen, and
Merete Osler who initiated and established the Copenhagen
Aging and Midlife Biobank from 2009 to 2011. +ey also
thank the staﬀ at the Institute of Public Health and the
National Research Center for the Working Environment
who undertook the CAMB data collection.
References
[1] World Health Organization (WHO), “Global status report on
noncommunicable diseases,” in Target7-Halt the Rise in Di-
abetes and Obesity, pp. 79–94, World Health Organization,
Geneva, Switzerland, 2014.
[2] S. S. Lim, T. Vos, A. D. Flaxman et al., “A comparative risk
assessment of burden of disease and injury attributable to 67
risk factors and risk factor clusters in 21 regions, 1990–2010:
a systematic analysis for the Global Burden of Disease Study
2010,” 3e Lancet, vol. 380, no. 9859, pp. 2224–2260, 2013.
[3] F. Corica, A. Corsonello, G. Apolone, M. Lucchetti,
N. Melchionda, and G. Marchesini, “Construct validity of the
short form-36 health survey and its relationship with BMI in
obese outpatients,” Obesity, vol. 14, no. 8, pp. 1429–1437,
2006.
[4] K. R. Fontaine and I. Barofsky, “Obesity and health-related
quality of life,” Obesity Reviews, vol. 2, no. 3, pp. 173–182,
2001.
[5] R. L. Kolotkin, K. Meter, and G. R. Williams, “Quality of life
and obesity,” Obesity Reviews, vol. 2, no. 4, pp. 219–229, 2001.
[6] J. B. Bjørner, K. +unedborg, T. S. Kristensen, J. Modvig, and
P. Bech, “The Danish SF-36 health survey: translation and
preliminary validity studies,” Journal of Clinical Epidemiology,
vol. 51, no. 11, pp. 991–999, 1998.
8 Journal of Obesity
[7] Z Ul-Haq, D. F. Mackay, E. Fenwick, and J. P. Pell, “Meta-
analysis of the association between body mass index and
health-related quality of life among adults, assessed by the SF-
36,” Obesity, vol. 21, no. 3, pp. E322–E327, 2013.
[8] E. S. Ford, D. G. Moriarty, M. M. Zack, A. H. Mokdad, and
D. P. Chapman, “Self-reported body mass index and health-
related quality of life: ﬁndings from the behavioral risk factor
surveillance system,” Obesity Research, vol. 9, no. 1, pp. 21–31,
2001.
[9] D. B. Sarwer, M. Lavery, and J. C. Spitzer, “A review of the
relationships between extreme obesity, quality of life, and
sexual function,” Obesity Surgery, vol. 22, no. 4, pp. 668–676,
2012.
[10] C. L. Wimmelmann, E. Smith, M. T. Lund, M. Hansen,
F. Dela, and E. L. Mortensen, “+e psychological proﬁle of
bariatric patients with and without type 2 diabetes: baseline
results of the longitudinal GASMITO-PSYC study,” Surgery
for Obesity and Related Diseases, vol. 11, no. 2, pp. 412–418,
2015.
[11] A. J. Cameron, D. J. Magliano, D. W. Dunstan et al., “A bi-
directional relationship between obesity and health-related
quality of life: evidence from the longitudinal AusDiab study,”
International Journal of Obesity, vol. 36, no. 2, pp. 295–303,
2012.
[12] M. L. Daviglus, K. Liu, L. L. Yan et al., “Body mass index in
middle age and health-related quality of life in older age: the
Chicago Heart Association detection project in industry
study,” Archives of Internal Medicine, vol. 163, no. 20,
pp. 2448–2455, 2003.
[13] K. R. Fontaine, I. Barofsky, R. E. Andersen et al., “Impact of
weight loss on health-related quality of life,” Quality of Life
Research, vol. 8, no. 3, pp. 275–277, 1999.
[14] C. L. Wimmelmann, M. T. Lund, M. Hansen, F. Dela, and
E. L. Mortensen, “+e eﬀect of preoperative type 2 diabetes
and physical ﬁtness on mental health and health-related
quality of life after Roux-en-Y Gastric bypass,” Journal of
Obesity, vol. 2016, Article ID 3474816, 9 pages, 2016.
[15] S. Maynard, G. Keijzers, A˚. M. Hansen et al., “Associations of
subjective vitality with DNA damage, cardiovascular risk
factors and physical performance,”Acta Physiologica, vol. 213,
no. 1, pp. 156–170, 2015.
[16] J. B. Bjorner, G. V. Wallenstein, M. C. Martin et al.,
“Interpreting score diﬀerences in the SF-36 vitality scale: using
clinical conditions and functional outcomes to deﬁne the
minimally important diﬀerence,” Current Medical Research
and Opinion, vol. 23, no. 4, pp. 731–739, 2007.
[17] E. Pappa, N. Kontodimopoulos, A. A. Papadopoulos, and
D. Niakas, “Assessing the socio-economic and demographic
impact on health-related quality of life: evidence from
Greece,” International Journal of Public Health, vol. 54, no. 4,
pp. 241–249, 2009.
[18] F. J. Penedo and J. R. Dahn, “Exercise and well-being: a review
of mental and physical health beneﬁts associated with physical
activity,” Current Opinion in Psychiatry, vol. 18, no. 2,
pp. 189–193, 2005.
[19] J. Sundquist and S. E. Johansson, “+e inﬂuence of socio-
economic status, ethnicity and lifestyle on body mass index in
a longitudinal study,” International Journal of Epidemiology,
vol. 27, no. 1, pp. 57–63, 1998.
[20] P. Clarke, P. M. O’Malley, L. D. Johnston, and
J. E. Schulenberg, “Social disparities in BMI trajectories across
adulthood by gender, race/ethnicity and lifetime socio-
economic position: 1986–2004,” International Journal of
Epidemiology, vol. 38, no. 2, pp. 499–509, 2008.
[21] M. Osler, R. Lund, M. Kriegbaum, U. Christensen, and
A-M. Nybo Andersen, “Cohort proﬁle: the metropolit 1953
Danish male birth cohort,” International Journal of Epide-
miology, vol. 35, no. 3, pp. 541–545, 2005.
[22] U. Christensen, R. Lund, M. T. Damsgaard et al., “Cynical
hostility, socioeconomic position, health behaviors, and
symptom load: a cross-sectional analysis in a Danish
population-based study,” Psychosomatic Medicine, vol. 66,
no. 4, pp. 572–577, 2004.
[23] K. Avlund, M. Osler, E. L. Mortensen et al., “Copenhagen
aging and midlife biobank (CAMB) an introduction,” Journal
of Aging and Health, vol. 26, no. 1, pp. 5–20, 2014.
[24] D. T. Villareal, C. M. Apovian, R. F. Kushner, and S. Klein,
“Obesity in older adults: technical review and position
statement of the American Society for Nutrition and NAASO,
the obesity society,” American Journal of Clinical Nutrition,
vol. 82, no. 5, pp. 923–934, 2005.
[25] S. L. Miller and R. R. Wolfe, “+e danger of weight loss in the
elderly,” Journal of Nutrition Health and Aging, vol. 12, no. 7,
pp. 487–491, 2008.
[26] A. Renzaho, M. Wooden, and B. Houng, “Associations be-
tween body mass index and health-related quality of life
among Australian adults,” Quality of life research, vol. 19,
no. 4, pp. 515–520, 2010.
[27] C. A.McHorney, J. E.Ware Jr., andA. E. Raczek, “+eMOS 36-
item short-form health survey (SF-36): II. psychometric and
clinical tests of validity inmeasuring physical andmental health
constructs,” Medical Care, vol. 31, no. 3, pp. 247–263, 1993.
[28] S. S. Farivar, W. E. Cunningham, and R. D. Hays, “Correlated
physical and mental health summary scores for the SF-36 and
SF-12 Health Survey, V.1,” Health and Quality of Life Out-
comes, vol. 5, no. 1, p. 54, 2007.
[29] T. Balboa-Castillo, L. M. Leo´n-Muñoz, A. Graciani,
F. Rodr´ıguez-Artalejo, and P. Guallar-Castillo´n, “Longitudi-
nal association of physical activity and sedentary behavior
during leisure time with health-related quality of life in
community-dwelling older adults,” Health and Quality of Life
Outcomes, vol. 9, no. 1, p. 47, 2011.
[30] S. I. Lindeberg, F. Eek, E. Lindbladh, P.-O. O¨stergren,
A˚. M. Hansen, and B. Karlson, “Exhaustion measured by the
SF-36 vitality scale is associated with a ﬂattened diurnal
cortisol proﬁle,” Psychoneuroendocrinology, vol. 33, no. 4,
pp. 471–477, 2008.
[31] F. S. Luppino, L. M. de Wit, P. F. Bouvy et al., “Overweight,
obesity, and depression: a systematic review and meta-
analysis of longitudinal studies,” Archives of General Psy-
chiatry, vol. 67, no. 3, pp. 220–229, 2010.
[32] P. Bjo¨rntorp, “Do stress reactions cause abdominal obesity
and comorbidities?,” Obesity Reviews, vol. 2, no. 2, pp. 73–86,
2001.
[33] D. B. Allison and S. Heshka, “Social desirability and response
bias in self-reports of “emotional eating”,” Eating Disorders,
vol. 1, no. 1, pp. 31–38, 1993.
[34] N. P. Hays, G. P. Bathalon, M. A. McCrory, R. Roubenoﬀ,
R. Lipman, and S. B. Roberts, “Eating behavior correlates of
adult weight gain and obesity in healthy women aged 55–65
y,” American Journal of Clinical Nutrition, vol. 75, no. 3,
pp. 476–483, 2002.
[35] D. B. Sarwer, T. A. Wadden, and G. D. Foster, “Assessment of
body image dissatisfaction in obese women: speciﬁcity, se-
verity, and clinical signiﬁcance,” Journal of Consulting and
Clinical Psychology, vol. 66, no. 4, pp. 651–654, 1998.
[36] H. Nawaz, W. Chan, M. Abdulrahman, D. Larson, and
D. L. Katz, “Self-reported weight and height: implications for
Journal of Obesity 9
obesity research,” American Journal of Preventive Medicine,
vol. 20, no. 4, pp. 294–298, 2001.
[37] C. L. Ogden, C. L. Johnson, M. D. Carroll, L. R. Curtin, and
K.M. Flegal, “Prevalence of overweight and obesity among US
children, adolescents, and adults, 1999-2002,” JAMA, vol. 291,
no. 23, pp. 2847–2850, 2004.
[38] C. L. Ogden, M. D. Carroll, L. R. Curtin, M. A. McDowell,
C. J. Tabak, and K. M. Flegal, “Prevalence of overweight and
obesity in the United States, 1999-2004,” JAMA, vol. 295,
no. 13, pp. 1549–1555, 2006.
[39] K. E. Friedman, S. K. Reichmann, P. R. Costanzo, A. Zelli,
J. A. Ashmore, and G. J. Musante, “Weight stigmatization and
ideological beliefs: relation to psychological functioning in
obese adults,” Obesity Research, vol. 13, no. 5, pp. 907–916,
2005.
10 Journal of Obesity
Stem Cells 
International
Hindawi
www.hindawi.com Volume 2018
Hindawi
www.hindawi.com Volume 2018
MEDIATORS
INFLAMMATION
of
Endocrinology
International Journal of
Hindawi
www.hindawi.com Volume 2018
Hindawi
www.hindawi.com Volume 2018
Disease Markers
Hindawi
www.hindawi.com Volume 2018
BioMed 
Research International
Oncology
Journal of
Hindawi
www.hindawi.com Volume 2013
Hindawi
www.hindawi.com Volume 2018
Oxidative Medicine and 
Cellular Longevity
Hindawi
www.hindawi.com Volume 2018
PPAR Research
Hindawi Publishing Corporation 
http://www.hindawi.com Volume 2013www.hindawi.com
The Scientific 
World Journal
8
Immunology Research
Hindawi
www.hindawi.com Volume 2018
Journal of
Obesity
Journal of
Hindawi
www.hindawi.com Volume 2018
Hindawi
www.hindawi.com Volume 2018
 Computational and  
Mathematical Methods 
in Medicine
Hindawi
www.hindawi.com Volume 2018
Behavioural 
Neurology
Ophthalmology
Journal of
Hindawi
www.hindawi.com Volume 2018
Diabetes Research
Journal of
Hindawi
www.hindawi.com Volume 2018
Hindawi
www.hindawi.com Volume 2018
Research and Treatment
AIDS
Hindawi
www.hindawi.com Volume 2018
Gastroenterology 
Research and Practice
Hindawi
www.hindawi.com Volume 2018
Parkinson’s 
Disease
Evidence-Based 
Complementary and
Alternative Medicine
Volume 2018
Hindawi
www.hindawi.com
Submit your manuscripts at
www.hindawi.com
